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1. INTRODUCTION 

The performance of the next generation 5G wireless communication systems can be measured 
through transmission channels which depend on essential parameters such as the channel Rayleigh fading, 
multipath, inter symbol interference (ISI), multiple reflection rays, path loss, and the effects of shadowing, 
which cause performance delay. The improvement of the wireless communication environment has been 
increased due to the multi-carrier mobile channels, internet applications, intranet, and Bluetooth system that 
need huge constant arrival transmission, high data rate, reliability, quality of service (QoS), minimized bit 
error rate (BER), spectrum diversity, and efficiency gain [1], [2]. Furthermore, the shadowing effect on the 
spectral efficiency has been considered for the cell limit of users in inhomogeneous networks and is analyzed 
in [3]. 

The effect of shadowing on the spectral efficiency of macro-femto and macro-only networks has 
been compared. Then the shadowing effects of the macro-femto have been neglected compared to the 
macro-only network. The spectral efficiency can be reduced by shadowing and fading the macro network 
with increased mobile user interference. In contrast, the effect on the macro-femto network is negligible. The 
reliability analysis of wireless links for IoT applications under shadow conditions has been presented [4], [5]. 
The non-orthogonal multiple access outage performance with interference over «- shadowed fading 
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channels was analyzed. Treating the wireless communication system challenges provides many merits, such 
as increasing the capacity and decreasing the interference caused by the co-channel [6]. The multipath-fading 
has been obtained by small-scale-fading, which presents random and fast signal strength variations at the 
receiving antennas. 

Furthermore, the large scale-fading can produce shadowing effects due to large structures. Small and 
large scale-fading can be modelled based on lognormal distribution and Rayleigh, Nakagami, and Rice 
distribution respectively [7]. On the other hand, the energy and spectral efficiencies of m-ary continuous 
phase frequency shift keying (M-CPFSK) are tested for additive white gaussian noise (AWGN) with 
multipath shadowed fading channels [8]. 

Many models of relay selection protocols can be used for a mobile wireless network for shadowing 
and side multipath of information, like techniques for worse selection of best channel, nearest-neighbour 
selection, techniques for partial relay selection, and reactive-relay selection. These techniques can be 
operated in the range of millimeter-wave (60 GHz to higher) frequencies. Therefore, the transmission data 
can be increased cause the relay protocols can be faster over time [9], [10]. In addition, the two-dimensional 
models of the site-to-site cross-correlation of shadow, fading, and autocorrelation filters algorithm can be 
used with linear-interpolation techniques to provide low computational complexity of communication system 
simulation programming [11]. 

When a single transmit antenna is selected, the highest shadowing coefficient between the 
transmitting and receiving antenna constellation has been presented at transmit antenna selection (TAS) [12]. 
The error probability, which is caused by fading and shadowing problems for multiple wireless systems, is 
presented [13]. It is investigated under different users' signal power ranges to study the efficient transmission 
of multi-user channels with universal mobile telecommunication system (UMTS), global system for mobile 
communications (GSM), wireless local area network (WLAN) systems, and Bluetooth at these power values. 
Accuracy and low computational complexity can be provided using a PDF algorithm to calculate the error 
probability over Rayleigh fading-shadowing effects of the multiple wireless systems. The proposed model 
has been operated using different users’ signal power as [0.1, 0.2, 0.3] PW of WLAN and Bluetooth, [1, 2, 3] 
PW of UMTS and GSM systems, [10, 20, 30] PW of power line carrier (PLC), and power liens 
communication for AC electric power transmission. The simulation program results show that the 
compensation of the Rayleigh fading and shadowing model over signal to noise ratio (SNR) can present low 
values of error probability. Furthermore, the probability of error decreases when the SNR increases. Also, the 
probability of error has been enhanced as the power of the transmitted signal decreases. 

The error probability caused by the effect of reflected, refracted, scattering, multipath propagation of 
signals, shadowing, and fading has been enhanced based on zero-forcing (ZF) adaptive equalizer [14]. The 
ZF adaptive equalizer with quadrature phase shift keying (QPSK) and 8-PSK modulation can improve the 
performance of the two-hop link for the Rayleigh and Nakagami-m fading channels [15]. A frequency 
selective fading channel can evaluate the ZF linear equalizer performance for the single carrier massive 
multi-input multi-output (MIMO) uplink systems. The linear zero-forcing (LZF) equalizer has been operated 
for different system parameters, such as the signal-to-interference plus noise ratio (SINR) and the antenna 
numbers, to provide their impacts on the system performance PDF has been used for the outage error 
probability derive [16]. The ZF algorithm as a linear detection method has been presented in 5G massive 
multiple users' systems. It is low complexity compared with other detection algorithms. The matrix inversion 
operation, with few simple iterations, is avoided, and full use of soft information is obtained. The ZF is one 
of the most efficient solutions for the signal detection of massive MIMO systems. Also, the linear equalizer is 
designed to produce an ISI and provide frequency diversity to noise enhancement [17]. The diversity of 
symbol-by-symbol ZF equalizers is one regardless of channel memory length. This paper presents a 
low-complexity analysis of BER enhancement for 5G MIMO communication wireless systems based on an 
LZF equalizer. It investigates the error probability regarded the fading-shadowing, noise, and ISI effects of 
low-distance communications systems. Different numbers of 5G antenna constellations are investigated using 
MATLAB simulation. The relationship between the BER and SNR is investigated. 


2. THE PROPOSED MODEL 

In this section, we consider the Rayleigh-fading channel, shadowing and path losses, and AWGN 
noise with a mobile wireless communication system, as shown in Figure 1. Also, ISI is considered in 5G 
massive MIMO systems. The transmitted signal power has been selected for a specific type of application, 
such as industrial and real-time applications. The relationship between the BER with different SNR values 
has been analyzed for a different number of 5G antennas constellation TxxRx such as 8x8, 8x10, 8x12, 
8x14, 8x16, and 8x18. A 256 quadrature amplitude modulation (QAM) with the LZF equalizer has been used 
to reduce the BER caused by fading-shadowing, path losses, noise, and ISI effects of other low-distance 
communication systems. These effects are presented by a uniform noise channel environment, which is 
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realized by assuming the equally Rayleigh-fading-shadowing, path losses, AWGN, and ISI effects in all 
directions and constant time intervals. As shown in Figure 1, there is an LZF-fading shadowing, path losses, 
AWGN noise, and ISI of MIMO uplink system model, Tx is the transmit antennas constellation, and Rx is the 
receive antennas constellation, which is presented with the uplink with base station (BS) and down link at 
mobile station (MS), respectively. 


Figure 1. LZF-fading shadowing, path losses, AWGN, and ISI model of MIMO uplink-downlink system 


The shadowing effects with Rayleigh-fading channel, path losses, AWGN, and ISI have been 
studied between the 7x and Rx antennas constellation with variant range values (0-18 dB) SNR. The 
receiving signal of a k subcarrier multi-user system with U users and a b sub-bands at the MS of the MIMO 
uplink system model is represented as (1) [1], [6], [16], [18]: 


? : F T ; 
Yiukb = Aub [Hj nol Xk pN —14+1) + Sukp (1) 


i — 1 1 2 2 
Where Hj up = [a ub Yup a uphi 


Fub aiuphiupl is the total frequency channel with a diagonal matrix 


between the jth transmit antenna and the receive antenna. Hj, is the TxxRx channel matrix of Rayleigh 
fading coefficients matrix between ith and jth transmitter and receiver antennas constellation, respectively. 
xip is the vector of symbols, such as Xir = [ee Xb kax xil of synchronized single antenna active users 
at time interval n. ai» is the maximum distance of the path loss and shadowing effect. The S/ uk,b 18 the 
complex AWGN vector of each jth receiver antenna that independent of Tx [7], [13], [19]. 


hi up = Fhupy Li ub S Aj up (2) 


Where Fjup is the effects of the Rayleigh fading for the j” receive antenna. SH; 1,» 18 the shadowing and the 
path loss has been presented by Lj,» as considered as [20]-[22]. The Lj» = dy, ("ue with the d,, is the 


characteristics of antennas, dis is the antenna far distance field reference, and dtr presents the distance 
between the transmitter and receiver antenna constellation. y,,, is the path loss exponent propagation of users 
and subbands [1], [7], [13]. 

The K7.xKerx total complex channel gain matrix of uth users can be written as (3) [13], [23]: 


en, Loup SHo,ub Flas y Li upS Arup PE Roan af Ex up SA Rx—ub 
|, Loup S Hou,» Flupy Li upbSHi ub Fem 1) ups) Extn A ee—D ab (3) 


Tx=1, Tx—1, l (Tx-1) 
Ro ; LoubSHonu,b pU : Liu bS Ah u,b ine ERA Lirx-1)u, bS A(Rx—1),u,b 
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where F„»b(H) = aE ew (- z m ) is the Rayleigh fading as a function of a standard deviation 
ku, 


u,b 
Sfp (AB) at u > 0 [13], [23]. 
The shadowing and path losses with a standard deviation OF ub (dB), at p 2 0 can be presented as 
(4) [14], [24]-[26]: 


10 


—— 2 
LS Hy »(p) = E exp (- 9) (4) 


2 
2 ôp,u,b 


Where 267, pub = £. In (3) can be expressed as a function of standard deviation u and p with dB values [23]-[26]. 


Houby Po,u,b RN, P1,u,b i UfRx- 1),u,by P(Rx- 1),u,b 
H(dB) = 10l0g10 Hi ub Po,u,b i ter P1,u,b iia Duby P(Rx-1),u,b (5) 


Tx-1 ` TAA l (Tx-1) ; 
Ts : Po,u,b Te j P1,u,b aes Wie Duby PRE Daub 


Where F(dB) = 10l0gioHu p and LSH (dB) = 10l0g10 Pup. Figure 2 shows the LZF scheme for fading, 
shadowing, noise, and ISI of the MIMO up link proposed system. 
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Figure 2. LZF-fading—shadowing, path losses, noise, and ISI system scheme 


Assume Hju oHjup to the corresponding column of Des, which is modelled to detect the desired 


user symbols vector xih (fn -L + 1) [15]. 


Xk plf) (n — L + 1) = (des')# (PY oS) (6) 
When D<L 
Des = [Des1,..., DesL, ..., DesL + D — 1] = H(HH)1 (7) 
des! = |((destt)”, ..., (des*")", ..., ((dest?)”] (8) 
When D>L 
Des = [Des1,..., DesL + [N], ..., DesL + D — 1] = H(HH)1 (9) 
i1)H LDH iL)H " 
Josia [0, ....0, (dest: )", , (des’*)", ... (des'”) „O «50 (10) 
noise noise 
xi n-L+1 Le iAn(n — 
GSES kbp )( ) , Lies (des yin(n-L+l) (11) 
` desired symbol Noise 
where D is the equalizer length and L is the channel length [15]. 
The received signal can be written regarded with LZF equalizer as in (12): 
Yi uke = Xk--y Wize Xe (12) 
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The ISI of symbols has been introduced and noise can be enhanced using LZF equalizer. The LZF 
equalizer can be given by (13) [17]: 


Wize =. lr j;u,b Ffu b/EjubSH jup a (13) 


Hi upHiuyed 


when we assume ai» [Hip] in (1) equal to C, the LZF equalizer can be written as error 
estimation in (14) [14], [15], [17], [26]: 

L K sae 
Cros J) 


Ern = j 
' 1 Shas Sf Liors- Em=11C (m, j) |? 


cpr Ic j)? 
t2 DEn T ACE e 


j=1 L—-D+l+1-l+1 


K 
"2 fare are 1<I1<D, 1<n<M 
m La i DE yin Cm, je 


The SNR for any CIR realization h and SNR = —is [17], [27]. 


-1 
Yızr (SNR, h) = SNR |= -S ne (15) 


The error of ISI caused by composite fading-shadowing and the AWGN noise with all path losses 
can be calculated by in (16) [23], [26], [28]: 


min (D,L) 
2 Pi aia | Heal xi (n-1+1) 


Fading — shadowing with path losses 


min(D,L) L 
F A Tas 
+ > > Pa Cis [Hi wp] pn — bls +1) (16) 
l=1 1 
ISI 
min (D,L) 
4 >» ai pn(n-1+1) 
l 
noise 


3. SIMULATION RESULTS AND DISCUSSION 

The following simulation results present the BER analysis based on SNR related to Rayleigh fading 
shadowing, path losses, AWGN, and ISI effects channel in multi-user mobile wireless communication 
systems. The 5G antennas constellation TxxRx such as 8x8, 8x10, 8x12, ..., 8x18 with 0-18 SNR range, will 
be implemented based on the 256 QAM-LZF equalizer. The main parameters of the LZF equalizer model are 
presented in Table 1. The LZF model simulation model is implemented in MATLAB. 


Table 1. The parameters of the LZF equalizer-MIMO system model 


LZF model parameters 


Modulation 256 QAM 

No. iterations 1,000 

No. fast fourier transform (FFT) 128 

No. transmitting antennas 8 

No.of receiving antennas 8, 10, 12, 14, 16, 18 
SNR range 0-18 dB 
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Figure 3 shows the SNR and BER relationship for a 5G communication MIMO LZF system with 
8x8 transmitter and receiver antenna constellation. The BER decreases when SNR increases to reach 
0.012875 BER at 18 dB SNR. The BER has been reduced to 0.000625, 3.513x10° at 16 and 18 dB SNR, 
respectively, when the receiver antenna number is increased to 10 antennas, as shown in Figure 4. Also, the 
8x12 transmitter and receiver antenna constellation are assumed to present the effect of increasing the 
number of receiver antennas on the 5G LZF equalizer-MIMO system model performance. As a result, the 
performance of this system has been enhanced, as shown in Figure 5. The BER decreases to 0.000999, 
0.000415, 0.00023, and 0.00015 at 12, 14, 16, and 18 dB SNR respectively. Figure 6 shows the relationship 
between the BER and SNR when the transmitter and receiver are 8x14 antenna constellations. The 5G LZF 
equalizer-MIMO system model has reached a minimum BER value when the number of receiver antennas 
increases. The BER reach 0.000859375, 4.232x10>, 1.510x10°, 8.031x10°, and 5.531x10° at 10, 12, 14, 16, 
and 18 dB SNR, respectively. 


= 
o 
nm 


10° 


Bit Error Rate 


8x8 antenna constllation 
e355 QAM 


Figure 3. BER of MIMO 8x8 transmitter, receiver antennas constellation, LZF equalizer, and 256 QAM 
modulation 
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Figure 4. BER of MIMO 8x10 transmitter, receiver antennas constellation, LZF equalizer, and 256 QAM 
modulation 
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Figure 5. BER of MIMO 8x12 transmitter, receiver antennas constellation, LZF equalizer, and 256 QAM 
modulation 
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Figure 6. BER of MIMO 8x14 transmitter, receiver antennas constellation, LZF equalizer, and 256 QAM 
modulation 


Figure 7 shows the relationship between the BER and SNR for the 8x16 transmitter and receiver 
antenna constellation. It can be noted that the BER value reduces until it reaches 0.0001, 2.033x105, 
9.04x10°°, 4.22x10°, and 2.33x10° at 10, 12, 14, 16, and 18 dB SNR, respectively. The minimum BER value 
can be obtained from the 8x18 transmitter-receiver antenna constellation, as shown in Figure 8. There are 
5.3x10°, 1.4x10°, 5.63x10°, 2.351x10°, and 1.31x10°° BER at 10, 12, 14, 16, and 18 dB SNR respectively. 
Table 2 shows the difference between the values of BER when the number of receiver antennas is increased. 
The BER values can be compared from Table 2 to present the SNR gain obtained when the receiver antenna's 
number is increased. For 8x10, 8x12, 8x14, 8x16, and 8x18 antennas constellation, the BER values have 
been compared. 

As shown in this table, the high performance of the 5G LZF equalizer-MIMO system model has 
been provided. Minimum BER values can be caused using the LZF equalizer and then the BER can be 
reduced based on increasing the receiver antenna constellation. The high performance of these models is 
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0.000625 and 3.513x10° of 8x10 can be obtained at 16 and 18 dB SNR, respectively. The BER enhancement 
can be presented at 16 and 18 dB SNR as 0.000625 and 3.513x10°, respectively, for 8x12 antenna 
constellation. The BER enhancement is started at 12 dB SNR. 0.000999, 0.000415, 0.00023, and 1.5x10° 
BER can be presented at 12, 14, 16, and 18 dB SNR. For the 8x14 antenna constellation, the high 
performance of this model can be started from 10, 12, 14, 16, and 18 dB SNR with BER values as 0.0008593, 
4.232x10°, 1.510x10°, 8.031x10°, and 5.531x10°. The same values of SNR as 10, 12, 14, 16, and 18 dB 
SNR can utilize the minimum value of BER at 8x16 antenna constellation. As shown from BER values, the 
more efficient LZF equalizer-MIMO system model can be presented at 8x18 as 0.000376, 0.000053, 
1.4x10°, 5.63x10°, 2.351x10°, and 1.31x10° at 8, 10, 12, 14, 16, and 18 dB SNR. 


Bit Error Rate 


ge 8x16 antenna constallation 
| 256 QAM 


SNR (dB) 
Figure 7. BER of MIMO 8x16 transmitter, receiver antennas constellation, LZF equalizer, and 256 QAM 
modulation 
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Figure 8. BER of MIMO 8x18 transmitter, receiver antennas constellation, LZF equalizer, and 256 QAM 
modulation 
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Table 2. BER of LZF equalizer-MIMO system model for different number of antenna constellation with 
reference 


BER of LZF-256 QAM models 
Transmitting antennaxreceiving antenna 


SNR , 
(dB) 8x8 8x10 8x12 8x14 8x16 gxıg Reference ene algorithm 

0 i 09 07 0.556922 0.45 0.305796 0.2 

2 0.876433 0.628 0.43475 0.293109 0.198922 0.1265 0.7 

4 0.620437 0.387625 0.228578 0.127531 0.0711875 0.036301 0.3 

6 0.417859 0.213141 0.0909219 0.0391875 0.0151863 0.005429 0.1 

8 0.264062 0.096546 0.0278906 0.0071875 0.002 0.000376 0.02 

10 0.155156 0.037281 0.00587 0.0008593 0.0001 0.000053 0.00631 

12 0.086109 0.010906 0.000999 4.232x105 2.204x10°  1.4x10° 0.00201 

14 0.049359 0.002375 0.000415 1.510x105 9.04x10% 5.63x10% 0.001 

16 0.025093 0.000625 0.00023 8.031x10% 4.22x10% 2.351x10% 0.00068 

18 0.012875 3.513x105_  1.5x105_  5.531x10%_ _2.33x10®  1.31x106 0.0004066 


Figure 9 shows the performance enhancement comparison of different numbers of 
transmitter-receiver antennas constellation. The 5G LZF equalizer MIMO mobile wireless communication 
system model reaches high performance when the receiver antenna's constellation is large. As shown in this 
figure, the low BER values at 8x10, 8x12, 8x14, 8x16, and 8x18 antennas constellation has been reached to 
3.513x105, 1.5x105, 5.531x10°, 2.33x10°, and 1.31x10 respectively at 18 SNR dB. 

There is another wireless communication equalization system method, such as the iterative block 
decision feedback equalizer (IB-DFE). The IB-DFE equalizer can be used with massive MIMO systems. A 
comparison between the LZE equalizer and IB-DFE [27] has been illustrated in Figure 10. The relationship 
of BER and SNR for 8x16 and 8x18 antennas constellations is presented to clarify the LZF equalizer 
efficiency in a massive wireless communication MIMO system. As shown in this figure, the 1.23x10° and 
7.63x10° BER values have been obtained at 18 dB SNR from 8x16 and 8x18 antennas constellation. 

Furthermore, the lower BER values have occurred at 18 dB SNR as 2.33x10° and 1.31x10°, when 
the LZF equalizer is operated. Therefore, at 10° BER, there is a 4 dB gain of SNR at 8x18 antenna 
constellation for LZF equalizer than IB-DFE. Also, at 10°, there is a 4 dB gain of SNR at 8x16 antenna 
constellation for LZF equalizer than IB-DFE. 
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Figure 9. Comparison for different numbers of receiver antenna constellation of LZF equalizer-MIMO QAM 
system model with error detection Q-PSK reference 
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Figure 10. Comparison of LZF equalizer-MIMO with IB-DFE-MIMO systems models with 8x16 and 8x18 
antennas constellation 


Table 2 shows the BER values of different antennas constellation. The 5G LZF equalizer-MIMO 
system model has reduced the BER of multi-carrier systems. The high performance of this model is obtained 
at large numbers of receiver antennas of MIMO systems. Compression between the 5G LZF equalizer- 
MIMO system model and conventional algorithm QPSK model can be presented to show the enhancement of 
the suggested model on the BER values. 

The SNR gain for a different number of antenna constellations has been summarized as shown in 
Table 3. The average SNR gain of the LZF equalizer-MIMO system is 1-2 dB range. Therefore, the lower 
BER values can be satisfied with this model at 8x14, 8x16, and 8x18 antennas constellation. 


Table 3. SNR gain of LZF equalizer-MIMO system model for different number of antenna constellation 
No. of receiver antennas BER Gain (dB) 


8 to 10 107 z6 
10 to 12 10? z3 
10° 3 
12 to 14 10° z2 
10° 2 
14to 16 10° 2 
10° 1.5 
104 1.5 
105 1 
10° =2 
16 to 18 10? 1 
10° z1.5 
104 0.5 
105 1.5 
10° 2 


4. CONCLUSION 

The 5G LZF equalizer-MIMO system model is suggested at 0.3 W transmitted power and 
265 QAM. Accuracy, low computational complexity and high efficiency can be provided using the LZF 
equalizer algorithm to calculate the BER of this system with the ISI error caused by composite 
fading-shadowing, the AWGN noise, and all path losses of the multiple wireless systems. The proposed 
model has been operated using different numbers of receivers such as 8x10, 8x12, 8x14, 8x16, and 8x18 
antennas constellation. The simulation results show that the compensation of Rayleigh fading shadowing, 
path losses, and AWGN noise model can provide a low BER value with LZF equalizer-MIMO system. 
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Moreover, the BER values decrease when SNR increases. Also, the BER can be improved when the number 
of receiver antennas is increased. Finally, lower BER will be included for 5G multi-user mobile wireless 
communication systems when the LZF equalizer is operated at large numbers of receiver antennas. 
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